The GLOBAL Primary Biliary Cholangitis (PBC) Study Group and United Kingdom-PBC (UK-PBC) Consortium have demonstrated that dichotomous response criteria are not as accurate as continuous equations at predicting mortality or liver transplantation in PBC. The aim of this analysis was to assess the clinical utility of the GLOBE and UK-PBC risk scores using data from POISE, a phase 3 trial investigating obeticholic acid (OCA) in patients with PBC. Data (N 5 216) at baseline and month 12 were used to calculate the GLOBE and UK-PBC risk scores to assess the projected change in risk with OCA versus placebo. Additionally, the benefit of OCA was assessed in patients not meeting the POISE primary endpoint. Both the GLOBE and UK-PBC risk scores predicted a significant reduction in long-term risk of death and liver transplantation after OCA treatment (P < 0.0001). The differences in the relative risk reduction from baseline in the 10-year event risk after 1 year for OCA 10 mg versus placebo was 26% (GLOBE) and 37% (UK-PBC). The scores also predicted a significantly decreased risk in patients treated with OCA who did not meet POISE response criteria after 1 year of treatment compared to an increased risk with placebo (P < 0.0001). Conclusion: This analysis demonstrates the use of the GLOBE and UK-PBC risk scores to assess risk reduction of a cohort treated with OCA. While validation of this risk reduction in studies with clinical outcomes is needed, this study highlights the potential use of these scores in individualizing risk prediction in PBC both in clinical practice and therapeutic trials. (Hepatology Communications 2018;2:683-692) 
I
n primary biliary cholangitis (PBC), progression of liver disease is highly variable. (1, 2) In many cases, the disease is detected at an early stage and treatment with ursodeoxycholic acid (UDCA) improves biochemistry, impedes hepatic fibrosis, and can restore normal life expectancy. (3) (4) (5) However, in a substantial proportion of patients, the response to treatment with UDCA is inadequate. These patients experience progressive liver disease that may eventually lead to liver failure or hepatocellular carcinoma. (6) It is well established that the liver biochemistry on treatment with UDCA strongly predicts long-term outcomes in PBC. (7) (8) (9) (10) (11) The response to treatment with UDCA (so-called UDCA response) may therefore be defined in terms of the liver biochemistry measured at a specific time (usually 12 months) after starting treatment. Several definitions of the UDCA response have been proposed. (7) (8) (9) (10) (11) One of these definitions was the Toronto criteria, and a composite of Toronto along with other criteria were used to define treatment response criteria for POISE, a phase 3 trial of treatment with obeticholic acid (OCA) reported by Nevens et al. (12) By these criteria, response was defined as alkaline phosphatase (ALP) <1.67 3 the upper limit of normal (ULN), 15% reduction in ALP, and total bilirubin ULN.
For prognostication, definitions of UDCA response, such as the Toronto, Paris, Rotterdam, and Barcelona criteria, have two major limitations: first, they dichotomize UDCA response and thereby the long-term risk of death or liver transplantation (LT), whereas both are, in reality, a continuum; second, they do not account for the stage of disease. Two independent research groups, the Global PBC Study Group and the United Kingdom (UK)-PBC Consortium, developed and externally validated continuous prognostic models (the GLOBE score and UK-PBC risk score, respectively) that address these limitations. (13, 14) These models include the liver biochemistry following treatment with UDCA as well as surrogate measurements of disease stage (e.g., serum albumin and platelet count). They estimate the risk of LT or death (overall death for the GLOBE score and liver-related death for the UK-PBC risk score) in patients with PBC at specific time points. Both scores outperformed previous response criteria (7) (8) (9) (10) (11) 13, 14) in terms of prognostic utility and could potentially help physicians identify patients at high risk of disease progression and in need of second-line therapy. They have also been validated in patients not treated with UDCA, strongly suggesting that such scoring systems reflect disease activity and stage expressed by the laboratory investigations, regardless of treatment. Recently published guidelines from the European Association for the Study of the Liver propose these criteria as tools to select patients for second-line therapies and possibly for a better design of clinical trials in PBC in the future. (15) The aim of this study was to explore the utility of the GLOBE score and UK-PBC risk score in a trial data set comprising individual patient data from the phase 3 POISE trial of OCA. In addition, we use validated risk scores to evaluate the predicted risk reduction of OCA therapy in patients with PBC who inadequately respond to UDCA.
Methods

STUDY POPULATION
The patient demographics and study design of the POISE trial were reported by Nevens and colleagues (12) (Table 1) . Briefly, POISE was a phase 3, randomized, double-blind, placebo-controlled trial. PBC diagnosis was defined by American Association for the Study of Liver Diseases and European Association for the Study of the Liver guidelines. (15, 16) Patients were recruited across 13 countries. All patients were over 18 years old, met the study entry criteria of ALP 1.67 3 ULN and/or total bilirubin >ULN but <2 3 ULN, and had either been taking UDCA for at least 12 months or were unable to tolerate UDCA. A total of 216 patients were randomized and dosed (once daily) 1:1:1 to placebo, OCA 5-10 mg (patients were started on 5 mg of OCA and titrated up to 10 mg depending on tolerability/response to treatment), (12) or OCA 10 mg. The primary endpoint of the trial was defined as achieving a composite of ALP below 1.67 3 ULN with at least a 15% reduction in ALP and total bilirubin at or below ULN after 12 months of OCA therapy (POISE trial criteria).
SCORES
GLOBE score
Derivation of the GLOBE score has been described in detail. (14) The derivation cohort consisted of 2,488 UDCA-treated patients. LT or all-cause mortality was considered as a composite clinical event. The final model, shown below, consisted of age at the beginning of UDCA therapy, total bilirubin after 12 months of treatment, ALP after 12 months of treatment, albumin after 12 months of treatment, and platelet count after 12 months of treatment. The final model is referred to as the GLOBE score that can be used to assess transplantation-free survival after 1 year of treatment. The score was validated in an independent cohort of 1,631 patients and was shown to accurately predict outcome (C statistic >0.80). Similar results were found when the score was validated in an untreated population, with a C statistic of 0.81. The GLOBE score has recently been validated externally. (17) GLOBE score 5 0.044378 3 age at start of UDCA therapy 1 0.93982 3 ln(bilirubin 3 ULN at 1 year follow-up) 1 0.335648 3 ln(ALP 3 ULN at 1 year follow-up) -2.266708 3 albumin level 3 the 
UK-PBC risk score
Derivation of the UK-PBC risk score has been described in detail. (13) The score was developed based on 1,916 UDCA-treated participants from the UK-PBC Research Cohort. The final model, shown below, consisted of the baseline albumin and platelet count as well as total bilirubin, transaminases, and ALP after 12 months of UDCA treatment. Linear predictors and baseline survivor functions were combined in equations to score the risk of an LT or liver-related death occurring within 5, 10, or 15 years. The risk score was validated in an independent cohort of 1,249 UDCAtreated participants from the UK-PBC Research Cohort. In the validation cohort, the 5-, 10-, and 15-year risk scores were highly accurate (C statistic >0.90). Similar results were found when the score was validated in an untreated population from the United Kingdom. The UK-PBC risk score has recently been validated externally. 
STATISTICAL ANALYSIS
Individual patient data at baseline and month 12 from the POISE trial were used to calculate both scores to compare the projected improvement in risk/ survival after 1 year of OCA treatment versus placebo in patients enrolled in the POISE trial. The P value for comparing each OCA treatment to placebo is obtained using the rank analysis of covariance model with baseline value as a covariate. Individual baseline values were based on a mean of all available study evaluations prior to OCA treatment or placebo. In order to evaluate the change in risk using the GLOBE score, the participant's contemporaneous age was used in place of his or her age at the start of UDCA therapy. P < 0.05 was considered significant. All calculations represented were determined using SAS version 9.4.
Results
The demographic characteristics of the POISE trial cohort are reported in the original publication. (12) In summary, average (6 SD) age was 56 6 10 years, 91% of patients were female, and 94% Caucasian. The average age at time of PBC diagnosis was 47 6 11 years, with 93% of patients receiving UDCA for >12 months prior to the beginning of the trial, with a mean daily dose of 16 6 5 mg/kg. All three patient groups were generally well balanced, as shown in Table 1 .
As reported by Nevens et al., (12) there was a statistically significant reduction of the least squares mean values of ALP, ALT, and AST, both in the OCA 5-10-mg and the OCA 10-mg dose groups compared to the placebo group after 12 months of OCA treatment (Table 2 ). There was a statistically significant difference in mean total bilirubin level in both treatment groups compared to the placebo group after 12 months of treatment. No statistical differences were found in the albumin and platelet count between the three arms. Data are mean 6 SD where applicable. Baseline and 12 months are mean (SD); change from baseline data are least squares mean (SE). *P < 0.01, † P < 0.0001. The P value for comparing active treatments to placebo is obtained using an analysis of covariance model with the baseline value as a covariate and fixed effects for treatment and randomization strata factor. Continued   FIG. 2 . Improvements in risk with the GLOBE score and UK-PBC risk score after 12 months of OCA treatment. Predicted median (Q1, Q3) change in risk from baseline with the (A) GLOBE score and (B) UK-PBC risk score. P < 0.0001 for all values in OCA treatment arms in both models. The P value for comparing active treatments to placebo is obtained using the rank analysis of covariance model with the baseline value as a covariate. Abbreviation: IQR, interquartile range.
OCA and placebo were observed in change from baseline for albumin or platelet count.
Baseline and 12-month POISE data were used to calculate the GLOBE score and UK-PBC risk score. Complete biochemical data at 12 months were available for 68, 60, and 59 patients in the placebo, OCA 5-10-mg, and OCA 10-mg treatment groups, respectively. After 12 months of treatment with OCA 6 UDCA, both scores showed reductions in median risk. Assessment of the change in 5-, 10-, and 15-year event risk associated with OCA is shown in Fig. 2 . The comparisons between OCA and placebo arms on the reduction of event risk achieved statistical significance for both OCA dosages across all time points (P < 0.0001). Both models predicted improvements in long-term (liver-related and all-cause) risk of mortality or LT after OCA treatment. Furthermore, both models predicted increased risk over time in patients receiving placebo for 1 year, despite 93% of patients receiving concomitant UDCA, the current standard of care for PBC. While both scores showed improvements in projected risk reductions for the OCA treatment groups, the GLOBE score tended to indicate greater worsening in projected risk after 1 year of the placebo group compared with risk predicted by the UK-PBC risk score. Using the GLOBE score, the differences in relative risk reduction from baseline in LT or all-cause mortality after 5, 10, and 15 years between OCA 5-10 mg and placebo were 26.9%, 23.5%, and 20.2%, respectively (Table 3 ). Comparing the difference between OCA 10 mg and placebo, the relative risk reductions were 29.6%, 25.8%, and 22.0%, respectively. Applying the UK-PBC risk score, the differences in relative risk reductions from baseline between OCA 5-10 mg and placebo of LT or liver-related death after 5, 10, and 15 years were 33.7%, 32.2%, and 30.6%, respectively. The differences in relative risk reduction between OCA 10 mg and placebo were 39.1%, 37.2%, and 35.6%, respectively.
Previous studies have demonstrated that patients who are diagnosed with PBC at younger ages may be less likely to respond to UDCA therapy. (2) The change in risk following OCA treatment in both scores was assessed above and below the median age of diagnosis (48 years) in POISE (Supporting Fig. S1 ). Both subgroups showed a change in risk consistent with the total POISE cohort. Patients treated with OCA and diagnosed before the age of 48 years showed a significant reduction (P < 0.01) in risk across all estimated time points with the GLOBE score and UK-PBC risk score in contrast to an increase in risk in placebotreated patients (Supporting Fig. S1A,B) . Similarly, patients diagnosed after the age of 48 or older had significant reductions in projected risk with OCA treatment (P < 0.01) with both scores compared to an increase in risk with placebo (Supporting Fig. S1C,D) .
Finally, we explored the change in risk for the subgroup of patients classified as inadequate responders to OCA therapy at 12 months. The median change in risk in patients not meeting the POISE primary endpoint after 12 months of OCA, which requires ALP below 1.67 3 ULN with at least a 15% reduction in ALP and total bilirubin at or below ULN, is shown in Fig. 3 . Patients who did not meet the POISE response criteria at month 12 had significant improvements in estimated risk at 5, 10, and 15 years with both scores compared to placebo (P < 0.01). We also evaluated the change in risk for patients classified as nonresponders by alternative response criteria, including Paris, Rotterdam, Toronto, and Barcelona. For P < 0.0001 for all values in OCA treatment arms in both models. The P value for comparing active treatments to placebo is obtained using the rank analysis of covariance model with the baseline value as a covariate. All values are medians (95% confidence interval). *Relative differences are based on median differences in percentage change from baseline between placebo and OCA.
patients who had an inadequate response by these criteria, we report the median change in projected risk following 12 months of treatment as well as median baseline risk for context. Patients classified as nonresponders by these criteria showed significant improvements in estimated event risk at 5, 10, and 15 years with both scores after 1 year of OCA treatment compared to placebo in most cases (Supporting Table S1 ).
Discussion
In this analysis, we quantified the projected riskbenefit of OCA treatment in patients with PBC who inadequately responded or were intolerant to UDCA by applying liver biochemistry data from the phase 3 POISE trial to both the GLOBE score and UK-PBC risk score. Our findings promote the utility of such scoring systems in a clinical trial setting. Moreover, these results shed further light on the nature and scale of benefit from OCA treatment as demonstrated in the POISE trial by Nevens et al. (12) Our analysis has two major conclusions. The first is that while the dichotomous POISE trial criteria accurately stratify patients into those at low or high risk of clinical outcomes, the GLOBE score and UK-PBC risk score enable the anticipated survival benefit for PBC patients treated with OCA to be quantified. This is an important step forward in assessing the effectiveness of OCA therapy and other potential new therapies for PBC.
The second conclusion is that the use of dichotomous response criteria in the POISE trial may underestimate therapeutic benefit. This finding is aligned with those presented in the studies in which the GLOBE score and UK-PBC risk score were developed and validated as well as with the results from a Chinese study validating this in a long-term follow-up cohort. (18) These studies all reported that the GLOBE score and UK-PBC risk score were superior in identifying patients with inadequate treatment response when compared to dichotomous response criteria in populations of patients with PBC that were treated with UDCA monotherapy. (13, 14) Importantly, we found OCA treatment to be associated with a significant benefit of projected survival, even in patients not reaching the threshold for response by the original POISE criteria and other well-known dichotomous response criteria. This is a result of the inability of the trial criteria to take into account high baseline levels of ALP and/or total bilirubin and subsequent improvements in these markers, which were robust but did not meet the thresholds defined by the primary endpoint. For example, patients with highly elevated ALP levels at baseline (i.e., the highest risk group, in greatest need of improvement) were less likely to meet the dichotomous response criteria even when a substantial reduction of ALP and/or total bilirubin was seen. The therapeutic benefit overlooked by using the dichotomous trial criteria not only implies an underestimation of efficacy but could also impact future treatment options for the most severely affected patients, FIG. 3 . Risk improvement in OCA nonresponders with the GLOBE score and UK-PBC risk score after 12 months of OCA therapy. Predicted median (Q1, Q3) change in risk from baseline with the (A) GLOBE score and (B) UK-PBC risk score. P < 0.01 for all values in OCA treatment arms in both models. The P value for comparing active treatments to placebo is obtained using the rank analysis of covariance model with the baseline value as a covariate. Abbreviation: IQR, interquartile range.
especially given the current cost-utility analysis of OCA as measured by the incremental cost-effectiveness ratio threshold that may not be applicable to a rare disease. (19) In this analysis, we observed differences in the projected risks between the GLOBE score and the UK-PBC risk score. These differences are most likely explained by the different endpoints used in the two scores; the GLOBE score takes into account LT and all-cause mortality while the UK-PBC risk score considers LT and liver-related death. Consequently, as the GLOBE score considers all causes of death, the baseline risk of an endpoint is higher using the GLOBE score. Likewise, the risk of all-cause mortality increases faster over time (with aging) than the risk of liverrelated death and therefore shows a steeper trajectory of risk for the GLOBE score.
We acknowledge that the two scoring systems were developed to predict adverse outcome in patients taking UDCA. Neither score was validated in patients taking OCA. We believe the scores are applicable in the current context, however, because both were validated in cohorts of patients who had not received treatment with UDCA. Nevertheless, neither score can identify effects of OCA independent of those reflected by changes in liver biochemistry on treatment. In addition, we acknowledge the limitation that both scores depend on endpoints that are surrogates for clinical outcomes. Although these surrogate endpoints for outcome are likely to be accurate, other factors, such as toxicity or other adverse events, should not be overlooked when evaluating risks and benefits of new therapeutic agents. Therefore, the accuracy of predictions in the current analysis await confirmation by the ongoing phase 4 trial of OCA evaluating clinical outcomes in patients with PBC (COBALT; NCT02308111). (20) This analysis showed a median reduction in the 10-year event risk of 2.1% using the GLOBE score and 1.3% using the UK-PBC risk score after 12 months of treatment with OCA 10 mg compared to a median increase of 3.3% (GLOBE) and 1.1% (UK-PBC) after 12 months of placebo. This represents a difference in relative risk reduction from baseline between OCA 10 mg and placebo of 25.8% with the GLOBE score and 37.2% with the UK-PBC risk score. However, we emphasize that this is a selected trial cohort. In a real-life population with more advanced or aggressive disease, the impact of this new treatment might be different. Importantly, transient elastography is not included in either of the scores. Despite the prognostic value of transient elastography, (21) (22) (23) a great advantage of both presented risk scores in our study is that they are able to predict outcomes accurately based on readily available biochemical parameters and without the need for a dedicated instrument and skilled operator required for transient elastography.
In conclusion, we found that 1 year of OCA therapy was projected by both scores to reduce the risk of death and LT in this patient population, including patients not meeting the dichotomous POISE primary endpoint. We believe that the application of the GLOBE score and UK-PBC risk score in clinical practice would be an important step toward individualizing risk prediction in PBC and may eventually replace the use of other dichotomous therapy response criteria in clinical practice.
